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Different patterns of supramolecular assembly in constitutionally similar 6-arylimidazo [2,1-b] (Andanappa et al., 2004; Shankar et al., 2012) and anti-inflamatory (Jadhav et al., 2008) activities. Imidazo [2,1-b] [1,3,4]thiadiazole derivatives also act as cyclooxygenase inhibitors (Andanappa et al., 2008) and antihyperlipidemic agents (Jadhav et al., 2008) . We report here the synthesis, molecular structures and supramolecular assembly of four related 6-arylimidazo (ii) the exploration of the similarities and differences in their supramolecular assembly; (iii) the comparison of the structures of (I)-(IV) with the recently reported structures of some simple analogues, viz. compounds (V) (Praveen et al., 2013) , (VI) (Fun, Hemamalini et al., 2011) , (VII) (Fun, Yeap et al., 2011) and (VIII) (Banu et al., 2011) (see Scheme).
Experimental

Synthesis and crystallization
For the synthesis of each of compounds (I)-(IV), a mixture of the appropriately substituted bromoacetylarene (10 mmol) with either 2-amino-1,3,4-thiadiazole [for (I) and (III)] or 2-amino-5-methyl-1,3,4-thiadiazole [for (II) and (IV)] (10 mmol) in N,N-dimethylformamide (20 ml) was placed in a Pyrex glass tube and subjected to microwave irradiation at 373 K for 10 min, using a Biotage Initiator-microwave reactor fitted with a rotating stage. The reaction mixtures were allowed to cool to ambient temperature and were then poured onto crushed ice. The resulting solid products were collected by filtration and dried in air. Colourless crystals suitable for single-crystal X-ray diffraction were grown by slow evaporation, at ambient temperature and in the presence of air, of solutions in ethyl acetate. Data for compound (I): yield 69%, m.p. 448-450 K; 1 H NMR [dimethyl sulfoxide (DMSO)-d 6 ]: 7.33 (m, 1H, aryl), 7.42 (m, 1H, aryl), 7.53 (d, J = 7.92 Hz, 1H, aryl), 8.11 (d, J = 7.60 Hz, 1H, aryl), 8.60 (s, 1H, imidazole) (s, 3H, methyl), 3.90 (s, 3H, methoxy), 7.24 (m, 1H, aryl), 7.42 (m, 1H, aryl), 7.62 (m, 1H, aryl), 8.64 (s, 1H, imidazole) ; MS: 264 (M + 1) + for C 12 H 10 FN 3 OS.
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 1 . All H atoms were located in difference maps and then treated as riding atoms, with C-H = 0.95 (aryl and heterocyclic) or 0.98 Å (methyl) and with U iso (H) = kU eq (C), where k = 1.5 for the methyl groups, which were permitted to rotate but not to tilt, and 1.2 for all other H atoms. For compound (IV), two low-angle reflections, viz. 101 and 111, which had been attenuated by the beam stop, were omitted from the final refinements. Examination of the refined structures using PLATON (Spek, 2009) showed that none of them contained any solvent-accessible voids.
Results and discussion
The compounds reported here were all prepared using a cyclocondensation reaction between 2-amino-1,3,4-thiadiazole and a bromoacetylarene mediated by microwave irradiation (cf. Scheme). Exactly the same type of microwave-induced reaction had been used in the preparation of compound (V). The same type of cyclocondensation was used in the syntheses of compounds (VI)-(VIII) but, instead of using microwave irradiation, the reaction mixtures were heated under reflux in ethanol solutions, for periods of 4 h for each of (VI) and (VII) and of 18 h for (VIII). Unfortunately, no yields were reported for compounds (VI)-(VIII), but the extended reaction times used in their preparations certainly point to the efficacy of the microvave-induced syntheses for compounds (I)-(V).
The crystallization characteristics of compounds (I)-(IV) (Figs. 1-4 Computer programs: APEX2 (Bruker, 2010) , SAINT (Bruker, 2010) , SHELXS97 (Sheldrick, 2008) , SHELXL2014 (Sheldrick, 2014) and PLATON (Spek, 2009 ).
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is absent from (I), compound (I) crystallizes in the space group P1 with Z 0 = 2, while compound (II) crystallizes in the space group Pbca with Z 0 = 1. Again, the constitutions of compounds (I) and (III) differ only in the number and locations of the chloro substituents in the aryl ring, but these compounds, although crystallizing in the same space group, do so with Z 0 values of 2 and 1, respectively. Compound (IV) also crystallizes with Z 0 = 2. By contrast, compound (V), which differs from (I) only in the location of the single chloro substituent, crystallizes in the monoclinic space group P2 1 /n with Z 0 = 1 (Praveen et al., 2013) . Hence, no two of the simple chloroaryl derivatives (I)-(III) and (V) are isomorphous. For compounds (I) and (IV), it will be convenient to refer to the molecules containing atoms S11 and S21 (Figs. 1 and 4) as types 1 and 2, respectively.
The bond distances in the molecules of compounds (I)-(IV) ( Table 2 ) present some interesting patterns. The bond Sx1-Cx2 (where x = 1, 2 or nil; see Table 2 for definitions) is consistently longer than Sx1-Cx7A, regardless of whether or not there is a methyl substituent at atom Cx2; the Cx2-Nx3 bond is always the shortest C-N bond in the molecule, and it may be regarded as a fully localized double bond. Of the four independent N-C bonds in the imidazole ring, Nx7-Cx7A is always significantly shorter than the other three such bonds, which have fairly similar lengths, suggesting a considerable degree of bond fixation in this ring. On the other hand, in each of compounds (I)-(III) there are close intermolecular contacts Figure 1 The structures of the two independent molecules in compound (I), showing the atom-labelling scheme for (a) a type 1 molecule and (b) a type 2 molecule. Displacement ellipsoids are drawn at the 30% probability level.
Figure 2
The molecular structure of compound (II), showing the atom-labelling scheme. Displacement ellipsoids are drawn at the 30% probability level.
Figure 3
The molecular structure of compound (III), showing the atom-labelling scheme. Displacement ellipsoids are drawn at the 30% probability level.
Figure 4
The structures of the two independent molecules in compound (IV), showing the atom-labelling scheme for (a) a type 1 molecule and (b) a type 2 molecule. Displacement ellipsoids are drawn at the 30% probability level.
between inversion-related pairs of imidazole rings, as discussed in detail below, and these contacts are strongly suggestive of a -stacking interaction in each case. A similar contact is present in the structure of (V).
The molecular skeletons in compounds (I)-(IV) are all close to planarity, as shown by the very small dihedral angles (Table 2 ) between the planes of the aryl and imidazole rings. The corresponding dihedral angles in compounds (V), (VII) and (VIII) are also small [6.24 (11), 4.63 (7) and 8.62 (18) , respectively], although that in compound (VI) is rather larger [24.36 (7) ]. In compound (IV), the torsion angles Cx62-Cx63-Ox63-Cx67 (Table 2) show that the C atom of the methoxy group is close to the plane of the adjacent aryl ring; the displacements of atoms C167 and C267 from the planes of the C161-C166 and C261-C266 rings are 0.054 (2) and 0.231 (2) Å , respectively. Consistent with this, the two exocyclic C-C-O angles in each of the independent molecules of (IV) differ by almost 10 , as is typically found in planar methoxyaryl systems (Seip & Seip, 1973; Ferguson et al., 1996) . The C-O-C angles are both significantly larger than the near-tetrahedral value of 111.5 (15) observed in dimethyl ether (Kimura & Kubo, 1959) . Entirely comparable C-C-O and C-O-C angles are found in the structure of compound (VII), although this was not mentioned in the original structure report (Fun, Yeap et al., 2011) .
Although compound (I) has the simplest molecular constitution amongst the compounds reported here, it exhibits the most elaborate supramolecular assembly, involving both hydrogen bonds (Table 3 ) and close -interactions involving the imidazole rings. Two further C-HÁ Á ÁN hydrogen bonds link the molecules into a ribbon running parallel to the [110] direction and containing two types of centrosymmetric ring, in which R 2 2 (8) (Bernstein et al., 1995) rings built from type 2 molecules only and centred at (n, 1 À n, 2 ), where n represents an integer in each case (Fig. 5 ). Only one of these ribbons passes through each unit cell, but adjacent ribbons are linked by three independentstacking interactions to form a three-dimensional array, whose formation can be analysed easily in terms of simple substructures (Ferguson et al., 1998a,b; Gregson et al., 2000) .
Two of these interactions, involving only the type 1 molecules, link the ribbons into sheets. Table 3 Hydrogen bonds and short intramolecular contacts (Å , ) for compounds (I)-(IV).
Cg1 represents the centroid of the C61-C66 ring. type 1 molecules at (x, y, z) and (Àx + 1, Ày + 1, Àz + 2) are parallel, with an interplanar spacing of 3.4770 (6) Å and a ring-centroid separation of 3.6542 (9) Å , corresponding to a ring-centroid offset of 1.124 Å . The imidazole ring of the type 1 molecule at (x, y, z) makes a dihedral angle of only 1.51 (8) with the aryl ring of the type 1 molecule at (Àx + 2, Ày + 1, Àz + 2); the ring-centroid separation is 3.7460 (9) Å and the shortest perpendicular distances from the centroid of one ring to the plane of the other is 3.4542 (7) Å , corresponding to a ring-centroid offset of ca 1.45 Å . The combination of these two stacking interactions generates a chain running parallel to the [100] direction ( Fig. 6 ) which links the hydrogen-bonded ribbons to form a sheet lying parallel to (001). The third -stacking interaction involves only type 2 molecules. The imidazole ring of the type 2 molecule at (x, y, z) makes a dihedral angle of 7.28 (8) with the aryl ring of the type 2 molecule at (Àx + 1, Ày + 2, Àz + 1); the ring-centroid separation is 3.7159 (9) Å and the shortest perpendicular distances from the centroid of one ring to the plane of the other is 3.3905 (7) Å , corresponding to a ring-centroid offset of ca 1.52 Å (Fig. 7) . The effect of this final -stacking interaction is to link adjacent (001) sheets, so forming a threedimensional structure.
The supramolecular assembly in compounds (II) and (III) is very much simpler than that in compound (I). The structure of (II) contains one short intermolecular C-HÁ Á Á(arene) contact (Table 3) , but the HÁ Á ÁCg and CÁ Á ÁCg distances are both quite long and the C-HÁ Á ÁCg angle is less than 140 so that this contact is probably not structurally significant (cf. Wood et al., 2009) , while there are no hydrogen bonds of any kind in the structure of (III). In both structures, there is a single -stacking interaction between inversion-related pairs (Figs. 8 and 9 ). In (II), the interplanar spacing is 3.4635 (6) Å , the ring-centroid separation is 3.6112 (8) Å and the ring-centroid offset is 1.022 Å ; in (III), these values are 3.5296 (6) Å , 3.6696 (8) and 1.004 Å , respectively.
In the structure of compound (IV), inversion-related pairs of type 1 molecules are linked by symmetry-related C-HÁ Á ÁN hydrogen bonds (Table 3) to form a cyclic centrosymmetric dimer characterized by an R 2 2 (8) motif (Fig. 10) . The only other short intermolecular contacts involve C-H bonds in methyl groups. However, when groups of approximate local C 2 and C 3 symmetry are linked by a single bond, as here, the barrier to rotation about the linking bond is very low, only a few J mol À1 (Tannenbaum et al., 1956; Naylor & Wilson, 1957) , and in such circumstances hydrocarbyl substituents generally undergo very rapid rotation around the bond linking them to the adjacent planar unit, even in the solid state (Riddell & Rogerson, 1996 , 1997 . Hence such contacts cannot be regarded as structurally significant. In addition to the C-HÁ Á ÁN hydrogen bond which generates a dimer of type 1 molecules, there is a further fairly short intermolecular contact, this time between the two molecules within the selected asymmetric unit. The planes of the imidazole rings of these two molecules make a dihedral angle of only 5.712 (9) , but the ring-centroid separation is long [3.9051 (10) Å ]. The shortest perpendicular distance from the centroid of one ring to the plane of the other is quite short [3.4074 (7) Å ], corresponding to a ring-centroid offset of 1.91 Å , which is probably too long for this contact to be regarded as structurally significant.
The supramolecular assembly in compounds (I)-(IV) reported here may be compared with that in compounds (V)-(VIII) (see Scheme). In compound (V) (Praveen et al., 2013) , there are no hydrogen bonds of any kind, but inversionrelated pairs of molecules are linked by a -stacking interaction involving the imidazole rings, exactly comparable to compounds (II) and (III), but in the structure of compound (VI) (Fun, Hemamalini et al., 2011) there are neither hydrogen bonds nor -stacking interactions. The supramolecular assembly in compound (VII) (Fun, Yeap et al., 2011) is more complex than that of (V) or (VI). Inversionrelated pairs of molecules are linked into centrosymmetric dimers by symmetry-related pairs of C-HÁ Á Á(arene) hydrogen bonds and these dimers are linked by an aromatic -stacking interaction involving inversion-related pairs of aryl rings, so forming a chain of -stacked hydrogen-bonded dimers running parallel to the [010] direction (Fig. 11) , although this chain formation was not described in the original structure report. Finally, in compound (VIII (Banu et al., 2011) , molecules related by a 2 1 screw axis are linked by a C-HÁ Á ÁN hydrogen bond to form a C(6) chain running parallel to the [010] direction.
Thus, across the entire series of compounds (I)-(VIII), rather similar molecular constitutions are associated with a wide variety of supramolecular assembly patterns, ranging from isolated molecules in compound (VI), via -stacked dimers in compounds (II), (III) and (V) and hydrogen-bonded dimers in compound (IV), to simple hydrogen-bonded chains in compound (VIII) and chains of -stacked hydrogenbonded dimers in compound (VII), to a three-dimensional array of -stacked hydrogen-bonded ribbons in compound (I). 
Special details
C16-C161-C162-Cl12 −3.8 (2) C26-C261-C262-Cl22 0.1 (2) C161-C162-C163-C164 0.9 (2) C261-C262-C263-C264 −0.4 (3) Cl12-C162-C163-C164 −177.25 (12) Cl22-C262-C263-C264 −179.21 (13) C162-C163-C164-C165 0.9 (3) C262-C263-C264-C265 0.0 (3) C163-C164-C165-C166 −1.3 (3) C263-C264-C265-C266 0.0 (3) C164-C165-C166-C161 0.1 (3) C264-C265-C266-C261 0.4 (3) C162-C161-C166-C165 1.5 (2) C262-C261-C266-C265 −0.7 (2) C16-C161-C166-C165 −
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